Purpose. To review the outcome of total hip arthroplasty (THA) using a short femoral stem in 33 hips. Methods. Records of 33 hips in 20 men and 10 women aged 25 to 40 (mean, 30) years who underwent cementless THA using a short femoral stem by a single senior surgeon were reviewed. The diagnosis included avascular necrosis (n=9), ankylosing spondylitis (n=12), rheumatoid arthritis (n=7), posttraumatic arthritis (n=4), and Hurler syndrome (n=1). Clinical outcome was assessed using the Harris Hip Score. Radiological outcome was assessed according to a modified Gruen zoning system. Stem positioning (neutral, varus, valgus) and bone contact were evaluated, as were fixation and early host response as well as subsidence and changes in the calcar region (zone 5). Trabecular response (trabecular attachment), spot welds, cortical hypertrophy, and pedestal formation were determined. Heterotopic ossification was graded by the Brooker classification. Results. The mean follow-up period was 6.5 years. The mean Harris Hip Score improved from 40 to 90. All hips achieved immediate postoperative stability. No patient had thigh pain. Four hips had varus placement (5º-7º) of the stem; all were asymptomatic
and remained stable without any migration. Evidence of proximal load transfer (endosteal spot welds) between the endosteum and the stem in zones 2 and/or 4 was noted in 12 hips on both sides and in 8 hips on the lateral side only. At one year, all stems showed evidence of osseointegration. None had subsidence or progressive varus migration. There was no radiolucent line or osteolysis around the stem, pedestal formation or buttressing at the prosthesis tip, or cortical hypertrophy. One patient had grade I heterotopic ossification that was not clinically significant. One patient had a 1.5 cm leg lengthening. One patient had a discharging sinus, a loosened acetabular component, and intrapelvic migration at 2 years and underwent implant removal and debridement. One patient developed a crack in the proximal femur even with the smallest stem. The stem was fixed with cerclage wiring and remained stable with no migration. Conclusion. A short femoral stem design that transfers load proximally through a prominent lateral flare achieved good short-term outcome in younger patients. Nonetheless, the ease of removal and preservation of bone at the time of revision should guide the choice of the design of the short stem.
introduction Total hip arthroplasty (THA) using a short femoral stem is increasingly popular in younger patients in whom hip resurfacing is not appropriate. Hip resurfacing is associated with adverse reactions secondary to metalon-metal articulation. Conventional cementless THA is associated with stress shielding of the proximal femur 1-3 and thigh pain. [4] [5] [6] The use of a short femoral stem can conserve bone and reduce stress shielding in the femur because of more stress distribution to the proximal femur. [7] [8] [9] The use of a metaphyseal loading implant has been reported to eliminate thigh pain. 10 This study reviewed the outcome of THA using a short femoral stem in 33 hips.
Materials and Methods
Records of 33 hips in 20 men and 10 women aged 25 to 40 (mean, 30) years who underwent cementless THA using a short femoral stem (Proxima, Depuy International, Leeds, UK) by a single senior surgeon between Feburary 2007 and August 2010 were reviewed. The diagnosis included avascular necrosis (n=9), ankylosing spondylitis (n=12), rheumatoid arthritis (n=7), post-traumatic arthritis (n=4), and Hurler syndrome (n=1). Patients with metabolic bone disease were excluded, as were those with femoral neck smaller than the smallest stem size.
The short femoral stem is designed to fit almost entirely within the metaphyseal region of the femur. It features a reduced distal portion and a lateral flare that conforms to the lateral femoral endosteal surface. The stem profile creates a wedging effect between the proximal medial femur and lateral flare. Adequate stability can be achieved with small implant size and fixation of the stem within cancellous bone. 11 The stem has a neck angle of 130º and a 12/14 taper. The stem has standard and high offset designs and is side specific with an anteverted neck. It is made of titanium alloy (except for the distal tip) and has a sintered bead porous coating with a thin layer of hydroxyapatite coating.
First-generation cephalosporin was given intravenously at the time of anaesthesia induction. Through the posterolateral approach, a high neck cut was made preserving calcar femoris and cancellous bone. The 'round the corner' technique was used for broaching and implant seating to accommodate the lateral flare. The instruments and implants were then inserted in a varus position and then rotated into correct axial alignment once below the greater trochanter. This modified surgical technique minimises the damage to the greater trochanter. 12 Alignment was checked with the trial and definitive implants using a specially designed guide. The acetabular components used included the Pinnacle (n=25) and Duraloc Option Cup (n=8). The bearings used included metal-on-poly (n=23), ceramicon-ceramic (n=7), and ceramic-on-cross-linked polyethylene (n=3). Daily subcutaneous injection of enoxaparin was given for deep vein thrombosis prophylaxis.
Postoperatively, weight bearing was restricted to 50% with crutches for 4 weeks, followed by walking with a cane for further 4 weeks.
Patients were evaluated preoperatively and at 2 weeks, 6 months, 12 months, and yearly thereafter. Clinical outcome was assessed using the Harris Hip Score. Radiological outcome was assessed according to a modified Gruen zoning system without the diaphyseal part. 13, 14 The conventional Gruen zones 3 and 6 were eliminated, and Gruen zone 4 became 3 ( Fig. 1 ). Immediate postoperative radiographs were evaluated for stem positioning (neutral, varus, valgus) and bone contact. Follow-up radiographs were assessed for fixation and early host response as well as subsidence and changes in the calcar region (zone 5). Trabecular response (trabecular attachment), spot welds, cortical hypertrophy, and pedestal formation were determined. Heterotopic ossification was graded by the Brooker classification. 15, 16 results
The mean follow-up period was 6.5 (range, 5-8) years. The mean Harris Hip Score improved from 40 (range, 37-54) to 90 (range, 88-97) at the final follow-up. All hips achieved immediate postoperative stability. No patient had thigh pain. Four hips had varus placement (5º-7º) of the stem; all were asymptomatic and remained stable without any migration.
Evidence of proximal load transfer (endosteal spot welds) between the endosteum and the stem in zones 2 and/or 4 was noted in 12 hips on both sides and in 8 hips on the lateral side only. At one year, all stems showed evidence of osseointegration and trabecular attachment onto the lateral flare and condensation of bone with trabecular buttressing (periprosthetic bone reinforcement) [ Fig. 2 ]. None had subsidence or progressive varus migration. There was no radiolucent line or osteolysis around the stem, pedestal formation or buttressing at the prosthesis tip, or cortical hypertrophy. One patient had grade I heterotopic ossification that was not clinically significant (Brooker Grade III or IV).
One patient had a 1.5 cm leg lengthening. One patient who underwent THA for secondary arthritis of the hip had a discharging sinus, a loosened acetabular component, and intrapelvic migration at 2 years and underwent implant removal and debridement. The stem was well-osseointegrated and its removal was difficult and resulted in damage to the proximal femoral bone (Fig. 3 ). Three years before THA, the patient had undergone open reduction and internal fixation for an acetabular fracture. He developed infection and underwent implant removal. One patient with Hurler syndrome and a very small proximal femur developed a crack in the proximal femur even with the smallest stem. The stem was fixed with cerclage wiring and remained stable with no migration.
discussion
The short metaphyseal stem design aims to bridge the gap between conventional straight design and hip resurfacing. Preservation of the femoral neck reduces micromotion and increases torsional stability; this prevents loosening of the femoral component. 17, 18 The lateral femoral column can be effectively used to carry compressive loads. 19 Engagement with the proximal lateral femoral cortex provides significant initial stability, additional support against subsidence and avoids stress shielding and loss of proximal femoral bone. 19 The lateral flare stem is associated with substantially less migration compared with the conventional straight stem. [20] [21] [22] An ultra-short stem has reported excellent results and good bone remodelling. 12 In our study, primary rotational stability was good; no patient had subsidence or progressive varus. The profile of the stem creates a wedging effect between the lateral flare and the proximal medial femur making distal migration of the femoral component unlikely. The implant utilises the cancellous bone of the femoral metaphysis for bony ingrowth. The diaphyseal section of the stem is needed only in the first few months after THA to provide stability. 23 Good primary stability enables durable long-term fixation even without a diaphyseal section. Enhanced initial stability provided by the proximal lateral flare promotes early bone ingrowth and long-term stability. 24 A long stem with a lateral shoulder increases the risk of damage to greater trochanter and/or abductor tendons. 25, 26 The round-the-corner technique for prosthesis implantation preserves the integrity of the trochanteric area with its muscular attachments; shortening of the distal stem maximises bone and soft tissue conservation and enables a minimally invasive approach. 27 Periprosthetic bone loss and bone remodelling following THA are determined by the bone quality, implant design and material, and fixation method. 28, 29 In our study, all stems had trabecular response in periprosthetic bone at one year; definite evidence of proximal load transfer was seen as endosteal spot welds and trabecular condensation around the femoral component. The trabecular buttressing and condensation of bone in zones 2 and 4 confirmed the metaphyseal loading, whereas the absence of cortical hypertrophy and thigh pain indicated that the stem did not contact the diaphyseal cortex and not produce a significant flexural mismatch, and thus no stem shaft impingement leading to thigh pain. 10 Less stiffness indicates greater loading of bone proximally similar to physiological loading with reduced risk of stress shielding. 3, 11 The short femoral stem design conserves the femoral neck, does not enter the diaphyseal medullary canal, and requires a smaller surface area of bone to be prepared. Nonetheless, its performance in patients with poor bone stock, varus configuration, high offset, and obese patients who have increased bending movements and a very broad lateral profile remains a concern. Sufficiently good bone stock is necessary when using a short stem because higher cyclic motion and migration may occur in femurs with poor bone quality. 30 This study had a few limitations. The cohort size was small and follow-up duration was short. A longterm study is needed to verify stable fixation and the durability of results.
conclusion
A short femoral stem design that transfers load proximally through a prominent lateral flare achieved good short-term outcome in younger patients. Nonetheless, the ease of removal and preservation of bone at the time of revision should guide the choice of the design of the short stem.
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